ABSTRACT Objective: To explore the quality and safety of medicines in Canada.
INTRODUCTION
Defective medicines are a major public health problem. [1] [2] [3] [4] Different surveys in lower income countries and lower middle income countries have found that defective medicines are readily available. 3 5 Defective medicine is a term used to describe any drug with a quality defect, whether the error was due to deliberate falsification or unintentional error during manufacturing. 6 7 It is a large category that comprises two main types of compromised drugs, substandard and falsified medicines. A substandard medicine is a medicine that does not meet the regulator standards due to an unintentional or negligent error. 8 A falsified medicine, however, is one where deliberate and criminal intent is involved. 8 In high-income countries (HIC), there have been no studies with good methodological quality examining the overall prevalence of substandard or falsified medicines. 3 The surveillance system in HIC in Europe and North America, however, is a wellestablished system that has identified and withdrawn several medicines from the market with serious safety concerns. 9 10 These surveillance systems have reported numerous incidents of substandard and falsified medicines, and highlighted the problem of such drugs in these countries. Examples of these are the falsified cancer drug, avastin, and substandard spinal steroid injections reported in the USA. 11 12 In our previous study on the UK, we studied the problem of defective medicines in the UK by reviewing the drug alerts issued by the drug regulator over an 11-year period. The study showed that substandard medicines are a problem that appears to be increasing. 7 We wished to explore another HIC and chose Canada, as the problem of defective medicines has never been explored in this setting
Strengths and limitations of this study
▪ It is the first review to assess the problem of defective medicines in Canada. ▪ It quantifies and analyses drug recalls in Canada over a 9-year period. ▪ Clinical significance of the problem is undetermined, owing to the lack of data from Health Canada regarding adverse events associated with the use of defective medicines.
and because of the level of data available in the public domain. In Canada, health products are regulated by Health Canada, which is the federal department responsible for the monitoring and regulating of medicines. 13 It issues a number of risk communication documents to the public and healthcare professionals. These involve identification of the possible risk, assessment of its severity and clarification of the nature of the problem. This communication is also initiated to disseminate information regarding new safety issues of medicines or existing health risks to allow healthcare professionals and their patients to make wellinformed decisions about their health. 14 The aim of this study was to explore the quality and safety of medicines in Canada by analysing the risk communication documents conveying issues relating to defective medicines.
METHODS
Health Canada uses 13 risk communication documents, which can be issued for the public, healthcare professionals and hospitals.
14 A preliminary search for these risk communication documents found that only five documents can be used by Health Canada to convey any defective health product issue in the Canadian official supply chain. These can be described as follows: All relevant information regarding defective health products was compiled and exclusion criteria were as follows: veterinary medicines; medicines lacking efficacy or acquiring general safety issues; herbal and probiotic products; dietary and cosmetic products; and other natural heath product recalled for regulatory reason (ie, those do not have a valid marketing authorisation). The following data were extracted from the risk communication documents: name, strength and dosage form; year of the document; nature of the defect; type of drug recall (in the case of Health Product Recalls); and action to be taken by healthcare professionals or the public regarding the defective medicine. In the case of Health Product Recalls and PW, the action is to remove the defective medicine from the dispensary shelves and contact the manufacturer for return. Whereas, with other risk communication documents where there is no recall required, healthcare professionals and the public are given advice on how to deal with defective medicines and to alert the public to be aware of expected risks. Two types of drugs can be distinguished from risk communication documents: substandard drugs and falsified drugs. The decision on which incident was falsified or substandard is that published by Health Canada. The type of defects were then classified using the same classification as used in our previous study. 7 The quality defects were classified as contamination, minor or major packaging defect, delivery (eg, leaking bags) defect, stability failure, potency issues, active ingredient defect and other issues (such as other deviations concerning noncompliance with good manufacturing practice at manufacturing site).
The WHO Anatomical Therapeutic Chemical (ATC) Classification System was used to classify defective medicines. 15 The first level of this classification categorises medicines according to the organ or system in which they act and the second level classifies medicines according to their main therapeutic group. This was performed to highlight the most frequent therapeutic classes affected by these recalls.
Method of analysis
Minitab (V.16) software was used to store and analyse the data. Descriptive statistics were used to summarise the results. Marketing authorisation holders of recalled medicines were either licensed manufacturers or distributors. A comparison between the manufacturers and distributors in the number of substandard medicines reported under each type of quality defect was carried out using Fisher's exact test. A significant difference was defined at a p value <0.05. The comparison was conducted to investigate if there are certain types of quality defects (eg, stability or packaging issues) that were more likely to be reported with distributors, as this may indicate non-compliance with Good Distribution Practices.
RESULTS
A total of 653 defective medicines were identified in the Canadian supply chain (figure 1). Among these defective medicines, 649 were found to be substandard medicines, and only four were found to be falsified medicines in the 9 years studied. The rate of reporting defective medicines has increased each year over the past 6 years (figure 2).
Substandard medicines
Substandard medicines represent the bulk of defective medicines (n=649, 99%) reported by Health Canada.
The two most frequent types of defects reported were stability (n=205, 32%) and contamination (n=139, 21%) issues (table 1) . It is clear that substandard medicines with stability defects represent the largest group. The majority of these formulations were found to have degraded 1 year after their release into the market, resulting in low concentrations of active ingredients, impurities, dissolution and disintegration failures. Tablets were the formulation most frequently reported to be substandard (see online supplementary table S1).
Among the 649 substandard medicines, 89 (14%) were subjected to urgent communications and therefore required urgent recalls. These medicines were reported using the Health Product Recall type 1 (n=87) and the PW (n=2). More than half of these medicines (n=46, 52%) were parenteral formulations (tables 2 and 3). Of the 89 medicines that were recalled, 34 were contaminated. The majority of these were parenteral formulations that were recalled due to the presence of particulate matters, the presence of microbes or a lack of sterility assurance during their manufacture (table 2) . The remaining substandard medicines (n=55) were urgently recalled due to other types of defects (table 3), mainly packaging defects or delivery issues (such as cracks in the vials or leaks in the bags, as well as faults in the unit used to deliver the medicines). Packaging defects were one of the major clinical issues reported, and these included incorrect labelling (ie, wrong drug name, strength or expiry date) and packaging that lacked important information regarding safety or the use of medicines in the patient information leaflets. In some cases, the labelling was correct, but the wrong medicines were filled, resulting in major and urgent recalls of affected batches (table 3) .
Other substandard medicines (n=560, 86%) were subjected to semiurgent recalls (n=536) or caution in use (n=24). These were reported via the Health Product Recall type II (n=288 medicines, 44%) and III (n=245, 38%), PA (n=8, 1%), HPC-NtoH (n=9, 1%) and HPC-DHCPL (n=7, 1%). Three medicines were recalled, but the corresponding type of Heath Product Recall was not given by Health Canada. The majority of these drugs had stability, contamination and packaging defects (see online supplementary table S2).
Drugs that act on the nervous system (n=141, 22%), alimentary tract and metabolism (n=90, 14%), and cardiovascular system (n=83, 13%) were the subgroups that most frequently contained substandard medicines. When the second level of this classification (ie, therapeutic classification) was used, the top three groups reported to be substandard were analgesics (n=65, 10%), antihypertensives (n=50, 8%) and antibacterials (n=38, 6%; see online supplementary table S3).
Substandard medicines categorised by manufacturers
The review identified 122 licensed manufacturers and 26 licensed distributors. Manufacturers held the Almost half of the substandard products from Baxter Co, Hospira Healthcare Co and GlaxoSmithKline Inc were contaminated. Products of Sandoz Canada Inc had a problem with the active ingredient; the concentration was either too high or too low. More than half of Novartis products, which are reported to be substandard, were recalled due to delivery concerns, such as failure of the child-resistant feature of the bottle cap or leaks in the infusion bags.
Falsified medicines
Four incidents of falsified medicines were identified in Canada's supply chain between 2010 and 2013. All these incidents involved two sexual enhancement medicines, Viagra (sildenafil) and Cialis (tadalafil).
In all cases of falsified medicines, PAs were issued to inform the public to contact their healthcare professionals if they had concerns about these falsified medicines. The public was also advised to verify that these products were assessed by Health Canada for safety by looking at the authorisation number printed on the label. These medicines were seized in the retail outlets in Canada, and no further information was given by Health Canada about the subsequent investigation or action taken by Health Canada.
DISCUSSION
This is the first review that discusses the issue of substandard and falsified medicines in Canada by evaluating the risk communication documents and drug recalls posted on Health Canada website. Our observations of defective medicines recalls over nine consecutive years, from 2005 to 2013, have shown that the recall of substandard medicines is an increasing trend. It is concerning that over half of the stability failures were related to instability of active ingredients or dissolution and disintegration failure. Both defects have the potential to affect the bioavailability of the active ingredients in the systemic circulation, and in turn, may lead to therapeutic failure.
Substandard medicines
The most frequent type of formulation reported to be substandard were tablets. Tablets have a slow onset of action and require less precaution in terms of sterility, than parenteral formulations. The extent of adverse consequences that can arise from failure to comply with manufacturing requirements, however, cannot be ignored. This was evident from the death of 120 patients in Pakistan due to contamination of isosorbide mononitrate tablets with large doses of an antimalarial drug. 16 Another of the most pronounced examples is the phenobarbital and morphine tablet recalls in Canada. Oversized tablets (ie, tablets that exceed the weight requirement) were found in both drugs, raising the risk of the patients taking as much as double the strength stated on the bottle (table 3) . The Institute for Safe Medication Practices (ISMP), a non-profit organisation, stated that the US manufacturer (KV Pharmaceutical) received abnormally high reports of serious adverse events concerning overdose of these recalled tablets. 17 However, owing to the lack of sufficient details, it was impossible to link the overdose events specifically to the substandard tablets. The adverse events relating to this defect have not been documented by Health Canada.
It was uncertain whether the rise of substandard medicines incidents were related to improved detection by Health Canada or due to an increase of substandard medicine production by manufacturers. The rate of increased incidence of substandard medicines could be associated with the implementation of improved detection policies and regulations by Health Canada. Introduction of Good Manufacturing Practices (GMP) inspection policy for Canadian drug establishments may be one of the explanations. 18 Since 1996, there have been numerous changes in GMP guidelines and international agreements. These led Health Canada to update its policy on GMP inspection in January 2008 as a response to harmonise its GMP compliance programme with drug regulatory authorities in other countries. 18 Subsequently, there has been a steady increase of incidents of substandard medicines from 2008 to 2013 (figure 2). Similarly, it has been highlighted that most of the FDA recalls were related to FDA inspectors' visits in the USA. 19 The GMP policy illustrates the procedures Health Canada follows to ensure that all drug establishments comply with GMP guidelines. This is conducted via inspections with varying cycles according to a risk-based approach to assess complaints about medicines, and a ranking scale of priority. 18 This assessment is to ensure that these complaints are dealt with in a timely manner. The performance of Health Canada in using the riskbased approach, however, was criticised in the 2011 report of the Auditor General of Canada. 20 Based on a representative sample (50) of the files that Health Canada received in 2009 and 2010 concerning drug-related complaints, only 27 were dealt with according to the established risk-based standard operating procedures for prioritising reported complaints. The report concluded that Health Canada did not consistently apply its risk-based approach and therefore some of these complaints might not be processed in a timely manner proportional to their expected risk. 20 Therefore, the possibility that the increase in substandard medicines was a result of poor manufacturing practices cannot be excluded.
Manufacturing errors and investigation of the root cause
It is the responsibility of the manufacturers and marketing authorisation holders to recall their substandard products after consultation with Health Canada. The majority of these recalls were issued by the manufacturers or marketing authorisation holders using the Health Product Recall type I, II and III, which accounted for 95% of the total substandard medicines reported. Stability issues were mainly identified by the manufacturers during ongoing stability testing. However, it is unknown whether these defects were identified by internal auditing systems of the manufacturers, by intervention of the Health Canada inspection team or by reports from healthcare professionals.
Analysing pharmaceutical product recalls can be of great importance to identify the root causes of recalled medicines. The prompting of a drug recall can be regarded as a disastrous failure of the manufacturer's quality plan. Even with stringent quality measures, errors can occur. 21 22 Thus, it is very important to identify the root cause of the defects to avoid similar episodes in the future. The root cause for a defect is required to be submitted to Health Canada, as soon as it is identified, along with other information relating to the quantity and depth of the distribution of the affected medicine. It is the responsibility of Health Canada to monitor the overall procedure and assess the root cause for this problem and, if required, to conduct an inspection to verify that a corrective action is implemented. 23 24 It has been highlighted in this review that stability failure and contamination issues were the defect types being reported most frequently. These issues affected several manufacturers on more than one occasion (see online supplementary table S4). This highlights the need for root cause investigations and appropriate measures to be implemented by manufacturers as well as effective monitoring by Health Canada.
Falsified medicines
Only four incidents of falsified medicines were reported by Health Canada. The detection is extremely low compared with substandard medicine. Health Canada has robust GMP inspections that cover all drug establishments including manufacturers, distributors and wholesalers. The reporting system of Health Canada is concerned with falsified medicines detected within the scope of GMP inspections. 18 Some falsified medicines may be intercepted and seized by enforcement bodies on their way to target destinations, but not necessarily intended for the Canadian market. This may explain the low detection rate by Health Canada.
Comparison with the UK Despite the fact that Canada and the UK represent 2% (for each) of the global pharmaceutical market volume, they are two of the top markets by value of marketed medicines. Canada and the UK hold equal global pharmaceutical market share values of US$21 877 and US$21 635 billion, respectively. 25 They also use similar approaches in dealing with substandard medicines based on the expected risk. In the UK, the drug regulator uses four classes of drug alerts to communicate the risk of substandard medicines to healthcare professionals. 6 A request to recall the affected batches is issued with the first three classes (class 1-3 drug alerts), comparable to the Health Product Recall type I, II and III issued by Health Canada. A class 4 drug alert is issued by the UK drug regulator when a drug recall is not required, but caution is needed to deal with a substandard medicine. This type of communication is similar to the PA, HPC-NtoH and HPC-DHCPL used by Health Canada. A class 1 drug recall (issued in the UK), and both the Health Product Recall type I and PW (issued in Canada) are considered to be urgent communications. The rest of the documents in both countries are deemed as semiurgent communications. 6 14 Out of the 280 substandard medicines found in the UK, 17 (6%) were subject to urgent communication. 7 The corresponding number in Canada was 89 (14%) out of 649. Overall, a larger number of substandard medicines were found in the Canadian supply chain (649 medicines) than in the UK (280 medicines). 7 It is also important to mention that the UK study was conducted over a longer period (ie, 11 years) than the one on Canada (ie, 9 years). Therefore, the difference in the number of substandard medicines may be even larger than it appears. The major contributor to this difference in our data was the number of medicines recalled due to stability problems (figure 3), which were responsible for 50% of the difference. The differences in stability issues between Canada and the UK require further investigation.
Limitations
This study encountered some limitations. The expected adverse events associated with the use of substandard medicines were not reported by Health Canada or the manufacturers. Moreover, the adverse reaction database does not state the batch numbers of medicines reported with the complaint. Therefore, we could not compare the expected risk associated with the recalled batches of substandard medicines with the adverse drug reaction database. Thus, the clinical significance of the problem is unknown. CONCLUSION Substandard medicines are a problem in Canada and have resulted in an increasing number of recalled medicines. Most of the failures were related to stability issues, raising the need to investigate the root causes and for stringent preventative measures to be implemented by manufacturers. Regular GMP inspections on manufacturing sites were highlighted in this review as some of the most important tools that can improve detection of substandard medicines.
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